Toxigenic Pasteurella multocida is the causative agent of progressive atrophic rhinitis (PAR), a serious respiratory infection of swine. Diagnosis of the disease has hitherto been based on clinical signs, pathologic findings, and subsequent isolation of the agent. The best Finnish pig breeding herds participating in the Finnish Pig Health Scheme have been surveyed for PAR since 1963, and the disease has been eradicated from these herds. In this study, a total of 5,650 colostrum samples from 188 Finnish Pig Health Scheme herds were analyzed with a new serologic screening method: an enzyme-linked immunosorbent assay (ELISA) able to detect antibodies to the toxin of P. multocida (PMT). Although the herds had been continuously controlled for PAR, 1 herd with PMT antibodies was found. The positive reactions in the ELISA were confirmed by isolating the causative organism. The origin of the infection also appeared to be obvious. The serologic ELISA is a suitable method for the detection and screening of toxigenic P. multocida-infected pig herds.
Progressive atrophic rhinitis (PAR) is a serious infectious disease of swine that reduces weight gain and causes atrophy of the nasal turbinate bones, sneezing, nasal hemorrhage, and in severe cases twisting and shortening of the snout. 6 These symptoms can have multiple causes, but the characteristic lesions of PAR have been reproduced with toxigenic strains of Pasteurella multocida 7 , 1 3 and with purified toxin. 12 PAR therefore is considered a result of infection by toxigenic P. multocida (PMT), and disease control efforts have been directed toward reducing the prevalence of this bacterium. 6 The majority of the epidemiologic studies performed on PAR have compared herds with and without a history of the clinical disease. 4 Severe forms of the disease can be detected by observing clinical signs, but less severe forms must be diagnosed by postmortem examinations or by culturing the causative organism from nasal swabs and/or by serologic testing. Culture and serology are the most suitable methods for use in disease control because they are able to detect animals harboring PMT but manifesting no detectable clinical signs. The antibody levels against P. multocida are low after the infection. Only highly sensitive methods are able to detect them. Two methods has recently been developed for PMT antibody measurement, an enzyme-linked immunosorbent assay (ELISA) 9,10 and a serum neutralization test. 2 Subsequently, 2 serologic surveys of PMT antibodies in swine have been reported. 1, 9 When determining PMT antibodies in pig populations, sows are the most important targets. 6 Both serum and colostrum can be used for antibody determinations. The ELISA used in this study was modified to detect colostral antibodies because colostrum contains more antibodies than serum. [8] [9] [10] 19 Also, colostrum samples are easier for farmers to collect.
The Finnish Pig Health Scheme is a disease control program for breeding swine. One hundred ninety-three breeding herds were included in this study. The herds participating in the Scheme have been observed for clinical sings of PAR since 1963 (Schulman A: 1988, Abst LNAAP Congr 6:620). In the early 1970s, PAR was detected in some of the disease control herds and subsequently eliminated. Since this outbreak, the herds have remained free of clinical and pathologic signs of the disease. PAR is seldom found in Finland, even in conventional pig herds. However, the question was raised whether some of the herds harbored a subclinical PMT infection, forming a reservoir of the disease and thus representing a threat to other herds. The objective of this study was to establish whether antibodies to P. multocida toxin exist in the herds participating in the Finnish Pig Health Scheme and to assess the value of antibody detection in the control of PAR. a period of 6 mo. The samples were obtained during farrow-455 ing or immediately thereafter. The samples were kept frozen on the farms and sent to the laboratory in batches of 10-20.
Materials and methods
The breeding herds surveyed were relatively small. The mean number of sows was 30 (SD = 11). A total of 5,650 colostrum samples were received from 188 herds. All sows were tested in 166 herds, but 22 farmers sampled only some of their sows. Producers who had sent spoiled samples (31 batches, 453 samples) were asked to collect new colostra from successive farrowings. The colostra were stored at -20 C. Before use, they were thawed and centrifuged for 6 min at 10,000 g, and the cream was discarded.
Serum samples consisted of 58 sera collected from imported pigs (farm no. 20) during the quarantine period.
The blocking ELISA test. The serologic blocking ELISA was developed using the anti-PMT kit. a Both monoclonal antibodies (MAbs) and polyclonal antibodies that recognize different antigenic epitopes of PMT were used in the ELISA. The wells of the ELISA plate were coated with the MAb, and the polyclonal antibody was conjugated with horseradish peroxidase (HRPO). PMT was trapped in the solid phase by the MAb. The antibodies in the samples inhibited the binding of HRPO conjugate to PMT antigen. The amount of bound conjugate was measured spectrophotometrically after the addition of chromogen.
The PMT and colostrum samples were first preincubated in a dummy plate. Forty microliters each of PMT (0.2 mg/ ml) and colostrum were placed in the wells. 8 Colostra were used in 1:2 dilution (dilution buffer phosphate-buffered saline [PBS] + 0.5% Tween 20 + 1% bovine serum albumin [BSA]), and sera were undiluted. The positive control was antiserum obtained from a pig immunized with formaldehyde-treated PMT and was used undiluted and diluted at 1:4. Dilution buffer was used as a negative control. The sample-PMT mixtures were incubated for 30 min at 37 C in a moistened chamber. After incubation, aliquots of 50 µl were transferred from the preincubation plate to the wells of the test plate. The ELISA test plate with the samples was incubated at room temperature for 15 min, followed by the addition of 100 µl of HRPO conjugate in a 1:500 dilution. The incubation was then continued for 1 hr at room temperature.
After a washing step, o-phenylenediamine-dihydrochloride solution was added. The solution was made by diluting 8 mg in 12 ml substrate buffer (0.0347 mol citric acid, 0.667 mol Na 2 HPO 4 ) and adding 6 µl 130% H 2 O 2 . The color reaction was stopped after 20 min by adding 150 µl 1 M H 2 SO 4 , and the optical densities (OD) were measured photometrically b at a wavelength of 409 nm.
Interpretation. The results of the antibody assay were valid when the OD value of the negative control was > 0.500 and the OD of the 1:4 dilution of the positive control was 50%h lower than the OD of negative control (cutoff value). Based on repeated tests with positive and weak positive sera and colostra, the sample was regarded as positive if the OD. of the sample was 0-50% of the OD of the negative control. A sample was regarded as suspect if the OD was 50-70% of that of the negative control. The result was considered negative when the sample had an OD > 70% of the negative control.
Samples that were positive or suspect were subjected to further titration. Sequential 3-fold dilutions were used (in PBS + 0.5% Tween 20 + 1% BSA), starting with undiluted, followed by 1:3 dilution, and progress 1:243. The positive and negative control samples were diluted similarly. The ELISA was carried out as above. The exact titer was calculated as 1n T(s) = [ln(xB)*(OD 50 -yA) -ln(xA)*(OD 50 -yB)]/(yB -yA), where T(s) is the titer of the sample, xA is the lower estimated titer, xB is the higher estimated titer, yA is the OD value at the lower border dilution where inhibition was more than 50%, yB the OD value at the higher border dilution where inhibition was less than 50%, and OD50 represents 50% of the OD of the positive control.
Clinical signs and bacteriology. The herds participating in the Finnish Pig Health Scheme were screened every 3 mo for clinical signs and twice each year for pathologic signs of PAR (Schulman A: 1988, Abstr WAAP Congr 6:620). During the farm visit, all sneezing was recorded, both spontaneous and after provocation. The pigs were inspected for nasal deviations or distortions. Nasal discharge, nasal bleeding, and chronic conjunctivitis were also recorded.
To confirm the serologic findings in a herd, nasal swabs were collected; 22-wk-old to 3-mo-old pigs were chosen for nasal swabbing. Nasal samples were plated on a selective trypticase soy agar supplemented with 5% bovine blood, neomycin sulfate (2 µg/ml), and bacitracin (3.5 µg/ml). 18 If P. multocida was recovered, the primary isolates were tested for toxicity using the PMT kit. a,11 For each sample, the OD value as a percentage of the control OD value was calculated using a modification of a communical software program. c The titers, means, and standard deviations were calculated. d
Results
PMT antibodies in colostra. A total of 5,650 samples were tested from 188 herds. Of these, 5,628 were negative and 22 were positive for PMT. Coagulated colostrum samples that had a strong, foul smell gave a positive reaction in the anti-PMT test. In 31 batches, a total of 453 samples were spoiled. These samples were discarded, and the replacement samples from the same herds (not necessarily the same sows) were negative. Managers of 6 farms refused to send replacement samples, and spoiled samples were received twice from 2 farms.
Positive herds. The positive samples came from 12 herds ( Table 1 ). In herd no. 20, 11 positive animals were found. On a farm visit, clinical signs of PAR (sneezing, deviation of the snouts, retarded growth) were detected. Toxigenic P. multocida was isolated from nasal swabs taken from piglets. The mean titer of the positive colostrum samples coming from this herd was 61.0 (SD = 141.4; range, 1.11-473.8). Compared with positive control serum, the mean ratio of titre sample : titre positive control (Ts:Tp) was 1.66 (SD = 3.36).
Only single positive samples were found in the other 11 herds (Table 1) . After repeated laboratory tests as well as clinical and pathologic evaluations, no sign of PAR was detected and the reactions were regarded as false positives. The average titer (n = 4) was 1.74 (SD = 0.23), and the average Ts:Tp ratio 0.051 (SD = 0.052). Since the beginning of this study, all the participating herds have been continuously surveyed by examining clinical signs and by assaying PMT antibodies from colostrum. All the herds except herd no. 20 have remained free of PAR.
Bacterial culture. In the positive herd (no. 20), PMT was recovered from 13 of 20 nasal swap samples taken from piglets. In the other herds, PMT was not isolated.
Specificity and sensitivity of the anti-PMT ELISA. Because of the low number of positive samples and the lack of a reference method, only a crude estimate of the sensitivity and specificity of the test could be made. Because only 11 false-positive samples were recorded, a specificity figure of 99.8% was obtained. In the infected herd (no. 20), 11 of 21 sows had measurable amounts of antibodies to PMT in their colostrum, thus indicating a sensitivity of 52% if the infection rate is assumed to be 100%. However the rate of recovery of PMT from nasal samples indicates that the infection rate was much lower than 100% and hence the sensitivity probably was much higher than 52%.
Number of positive-animals in the infected herd. The percentage of animals in the infected herd reacting in the anti-PMT ELISA are presented in Fig. 1 . During the quarantine period, 10% of the serum samples of the pigs imported to farm no. 20 were positive and 14% were suspect (mean titer = 1.43). In September, 7% were positive and 14% suspect (mean titer = 2.66). The percentage of antibody-positive animals was higher during January-March, and the number of seropositive animals remained over 59% thereafter.
Discussion
The antibody assay from colostrum appeared to be a satisfactory method for screening pig herds for toxigenic P. multocida infection. According to the ELISA assays, all but 1 of the Finnish Pig Health Scheme herds were free of antibodies to P. multocida toxin. These results were in agreement with those of the clinical surveys and the laboratory tests of the isolated bacterial strains. During 1984-1991, 125 P. multocida strains were isolated from 103 pig herds (from specific-pathogen-free and conventional herds) that had suffered from respiratory infections, but only 2 of the isolates produced toxin.
The ELISA revealed 1 PAR-positive swine herd. In this particular herd, the source of the infection was obvious; the farm had imported pigs from a herd abroad that had previously shown signs of PAR and that again developed signs of the disease after these pigs were sold.
Infection with PMT leads only to a weak systemic immune response, 5 and it may take up to 3 months before anti-PMT antibodies reach the detectable leve1. 3 Two reports concerning the laboratory tests of PMT antibodies have been published. 1, 9 The conclusions reached in the present study are in agreement with those of the first investigation, but the ELISA used in the second investigation was less sensitive than the neutralization test in cell cultures. 1, 9 Toxigenic P. multocida is maintained in a pig herd by a small population of breeding females; 6 therefore, infection within a herd can be detected by assaying sows. Colostrum samples are easy to take from all the sows in a herd, and colostrum contains higher levels of antibody than does serum. 11, 15, 19 Samples considered false positive had appreciably lower titers than those from the infected herd. Several samples from the positive herd also had rather low titers, a finding noted in earlier studies. l, 9 The spoiled samples also had low titers, but these samples could not have been categorized as false positives solely on the basis of titer. When the anti-PMT ELISA is regarded as a herd test, the presence of animals with high and low antibody titers indicates that the herd is infected with P. multocida. Similar to many other serologic tests for swine respiratory infections, the ELISA for PMT antibodies is not sensitive enough to classify a single animal into a positive or negative category 14, 17, 19 but can be used to screen infected herds.
The results of the present study provide new information on PMT serology. The specificity of the test appeared to be high. Nonspecific singleton reactors were found on 11 farms out of 188. These herds were closely surveyed for a period of 1 year, but no signs of PAR were detected. Although a statistically relevant number of samples 16 were obtained during the following 1.5 far-rowing rounds, the number of positive sows did not increase.
A disadvantage of the test was that contaminated and spoiled colostrum samples produced weak positive reactions. A high number of spoiled samples was found, 453 in 31 batches. Spoilage of the samples was easily detected, and these samples were excluded because of foul smell, coagulation, and difficulty in removing the colostrum from test tubes. As expected, most of the spoiled colostra were obtained in summer. Nine of the farms from which invalid samples were obtained were visited, and no cause for the weak positive reactions other than the deterioration of the samples was found. High-quality colostra provided excellent samples for the anti-PMT ELISA a. 14, 15, 18 
